The authors recently developed a Dermal Exposure Assessment Method (DREAM), an observational semiquantitative method to assess dermal exposures by systematically evaluating exposure determinants using pre-assigned default values. Aim: To explore the accuracy of the DREAM method by comparing its estimates with quantitative dermal exposure measurements in several occupational settings. Methods: Occupational hygienists observed workers performing a certain task, whose exposure to chemical agents on skin or clothing was measured quantitatively simultaneously, and filled in the DREAM questionnaire. DREAM estimates were compared with measurement data by estimating Spearman correlation coefficients for each task and for individual observations. In addition, mixed linear regression models were used to study the effect of DREAM estimates on the variability in measured exposures between tasks, between workers, and from day to day. Results: For skin exposures, spearman correlation coefficients for individual observations ranged from 0.19 to 0.82. DREAM estimates for exposure levels on hands and forearms showed a fixed effect between and within surveys, explaining mainly between-task variance. In general, exposure levels on clothing layer were only predicted in a meaningful way by detailed DREAM estimates, which comprised detailed information on the concentration of the agent in the formulation to which exposure occurred. Conclusions: The authors expect that the DREAM method can be successfully applied for semiquantitative dermal exposure assessment in epidemiological and occupational hygiene surveys of groups of workers with considerable contrast in dermal exposure levels (variability between groups .1.0). For surveys with less contrasting exposure levels, quantitative dermal exposure measurements are preferable.
I
n occupational epidemiology there has been an increasing trend to use experts, such as occupational hygienists, to semiquantitatively assess exposure to chemical agents, 1 because measuring exposure levels is often considered too expensive, time consuming, or, in the case of retrospective surveys, impossible. Several authors have evaluated the accuracy of semiquantitative exposure assessment methods for occupational exposures to chemical agents. [2] [3] [4] [5] [6] [7] [8] [9] [10] All except the studies on exposure to pesticides by de Cock et al, 4 and exposure to paint by Brouwer et al 7 exclusively focused on airborne exposure levels. Validated semiquantitative occupational dermal exposure assessment methods applicable at workplaces for a broad range of substances are practically non-existent.
Ignoring the dermal route for exposure assessment in epidemiological studies potentially results in inaccurate and imprecise exposure estimates, which may lead to a loss of power, precision, and attenuation in health risks estimates. [11] [12] [13] Proper assignment of dermal exposure levels in epidemiological surveys requires knowledge about level of exposure (for example, intensity, exposed surface areas, duration), exposure variability (between tasks, workers, and body location), and variability in uptake. 13 We recently developed a Dermal Exposure Assessment Method (DREAM), 14 an observational semiquantitative method to assess dermal exposures by systematically evaluating exposure determinants using pre-assigned default values based on a conceptual model for dermal exposure proposed by Schneider et al. 15 The method is generic and designed for dermal exposure assessment in epidemiological and occupational hygiene surveys. The outcome is a numerical estimate for the dermal exposure level encountered by workers performing a certain task or job. In a previous study on the reliability of DREAM, we showed good interobserver agreement with intraclass correlation coefficients ranging from 0.68 to 0.87 for total dermal exposure estimates. 16 Also, we successfully applied DREAM for grouping of dermal exposure levels to metal working fluids (MWF) among machine operators for an epidemiological study on dermatitis. 17 The aim of the present study was to explore the accuracy of the DREAM method by comparing its estimates with quantitative dermal exposure measurements in several occupational settings.
MATERIAL AND METHODS

Dermal exposure assessment method
The basis for DREAM is the conceptual model for dermal exposure of Schneider and colleagues, 15 who described mechanisms by which dermal exposure can occur. The most important exposure routes distinguished in this model are emission, transfer, and deposition, resulting in exposure on outer clothing and skin. Schneider et al 15 defined emission as dermal exposure occurring directly from the source of exposure, transfer as exposure due to contact with contaminated surfaces, and deposition as exposure through skin contact with small, airborne particles.
DREAM consists of a multiple choice questionnaire (inventory part of DREAM) that the user fills in while observing a worker performing a certain task. Included are questions about: (1) the probability and intensity of the main dermal exposure routes: emission, deposition, and transfer for nine body parts; (2) information on clothing layer (kind of material covering skin, replacement frequency of clothing, percentage of time gloves are being worn) for the worker performing the task; (3) physical and chemical characteristics of the substance to which dermal exposure occurs; and (4) percentage of working time a task is performed.
Each answer of the questionnaire matches with an a priori assigned value. For example, the question on probability of emission on hands is defined as ''(covered) hands are exposed by direct release of agent from a source, or by immersion?'' with answers (and assigned values in parenthesis) ''no unlikely (0); yes occasionally, ,10% of task duration (1); yes repeatedly, 10-50% of task duration (3); yes almost constantly, >50% of task duration (10) . The default values increase and decrease on a log scale-that is, 0.3, 1, 3, 10-as used by Cherrie and colleagues (1996) in their model for evaluating airborne exposures. The directions of the default values of DREAM (increasing v decreasing exposure) are derived from literature and expert judgment.
In the evaluation part of DREAM, the assigned values are used in an algorithm resulting in numerical estimates for exposure levels on both outside clothing layer (potential dermal exposure) and, after taking into account the protective effect of clothing, on skin (actual dermal exposure). Estimates are provided for nine individual body parts (hands, forearms, upper arms, head, torso front, back, lower abdomen to knees, lower legs, and feet) as well as for total body exposure.
DREAM assesses dermal exposure levels relatively to task duration. In order to take into account the time a task is performed, and thus exposure time, the DREAM estimate is multiplied by its task duration and divided by total working time assessed on the same timescale, resulting in the total dermal exposure level for each body part, and total body exposure, during a working day expressed in DREAM units (DU). In case different tasks are performed on a working day, the DREAM estimates of the tasks are summed in order to estimate total dermal exposure levels. For a detailed description of the methodology of the DREAM method we refer to van Wendel de Joode et al.
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Study design
In six exposure surveys, occupational hygienists filled in the DREAM questionnaire while observing a worker performing one of the tasks described in table 1 during 5-30 minutes. Dermal exposure was measured quantitatively at the same time for the full task, or shift, duration. Training for occupational hygienists included (1) a short explanation of the conceptual model of Schneider and colleagues (1999) and the DREAM questionnaire, (2) agreement among the observers on where tasks started and ended, and (3) one to five practice runs to familiarise observers with the application of the method.
Description of performed surveys
In surveys 1, 2, 5, and 6, one occupational hygienist in each survey performed observations, while in surveys 3 and 4 two occupational hygienists performed observations. For surveys 1 to 4 the DREAM questionnaire was filled in for each individual worker. For surveys 5 and 6 the DREAM questionnaire was filled in at task level. Table 1 describes the six exposure surveys. Details of the methodology of five out of the six surveys have been published elsewhere. [17] [18] [19] [20] [21] Dermal exposure was assessed to metal working fluids (MWF) (survey 1, manufacturing of motor blocks), organic solvents (OS) (survey 2, spray painting), cyclophosphamide (CP) (survey 3, handling of antineoplastic drugs in hospitals), di-ethyl-glycol-butyl-ether (DEGBE) (survey 4, chemical industry), benzene (BZ) (survey 5, petrochemical industry), and toluene (TL) (survey 6, shoe manufacturing) for workers performing different tasks. Measurements were performed during the time a worker performed a specific task (surveys 2, 3, and 4) or during (part of) a shift (surveys 1, 2, 5, and 6). For shift based measurements, the measurement time generally also coincided with task duration, because tasks were defined less specifically in these situations. Measurements were conducted on skin and clothing layer using surrogate skin techniques (pads, gloves), 22 removal techniques (washing, wiping), 24 and fluorescent tracer techniques (Video Imaging Technique for Assessing Exposure (VITAE)).
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The comparison of DREAM estimates with quantitative data DREAM estimates (expressed in DU) were compared with measured exposure levels on skin and clothing expressed as mg/cm 2 . For shift based measurements, if different tasks were performed during a shift, time weighted DREAM estimates (DU) were summed in order to obtain DREAM estimates at shift level.
Comparisons were made for hands, forearms (only for survey 1), and legs, as measurement data with more than 50% of samples above the limit of detection (LOD) were available for these body parts (see table 2 ). In case of exposure to benzene, we assumed that skin exposure levels measured on wrists represented skin exposure levels of hands in order to be able to compare these data with the other surveys. Note that for exposure to organic solvents (survey 2) on clothing layer only measurements were available for four (spray painting tasks) out of the six tasks for which skin exposure was measured (table 1) .
As mentioned before, DREAM takes into account the concentration of active ingredient (AI) in the substance to which exposure occurs. In the evaluation model of DREAM, the concentration of AI is a categorical estimate with value 1 (concentration of AI of interest .90%), 0.3 (concentration of AI of interest 1-90%), or 0.1 (concentration of AI of interest ,1%). In addition to the original DREAM estimates, we calculated detailed DREAM estimates (DU DET ) using the actual concentration of active ingredient of interest in the substance for which exposure was assessed, expressed as % weight-weight, to allow for a more specific estimate of dermal exposure. For survey 1 (exposure to MWF), the detailed DREAM estimates were equal to the original DREAM estimates as the concentration of active ingredient of interest (MWF) was 100%. The limit of detection (LOD) of DREAM estimates was defined as the lowest DREAM estimate greater than zero DU. LODs on skin and clothing layer were 0.008 and 0.03 DU, respectively.
Statistical analyses
Statistical analyses were performed in SAS version 8.2 (SAS Institute, Cary, NC, USA). Non-detectable dermal exposure levels and DREAM estimates were set to 1/!2 of the LOD. Both measured dermal exposure levels and DREAM estimates followed a lognormal distribution. In order to study whether the DREAM method is able to rank dermal exposure levels between surveys, DREAM estimates were compared with measurement data by estimating Spearman rank correlation coefficients for each task within a company, and for individual observations.
For surveys with observations for individual workers (surveys 1 to 4), mixed linear regression models were used to estimate variance components of log-transformed measured exposure levels for tasks, workers, and day to day (model A). Subsequently, the effect of the log-transformed DREAM estimates on the log-transformed measured ÀClosed II: use of compressed air, no use of hoist, mould automatically moves outside metal working machine after finishing. Closed III: no use of compressed air, use of hoist, mould automatically moves outside metal working machine after finishing. 1The amount of solid components of paint on the Tyvek pads was determined by weighing the pads before and after exposure. As we determined the concentration of total organic solvents in paint, we subsequently were able to express dermal exposure as microgram of organic solvents per cm Y hij = the natural logarithm of the exposure concentration (X hij ) measured for the jth task of the ith worker on the hth day; c 00 = the true underlying mean of log-transformed exposure averaged over all groups; c 01 = fixed effect of logged DREAM estimates measured for the jth task of the ith subject on the hth day; n 0j = random effect of the jth task; n 1i = random effect of the ith worker; e ij = random error (within-worker; day to day variation). Table 2 summarises collected measurement data and DREAM estimates for each survey. Figure 1 shows DREAM estimates (DU) plotted against measured exposure levels (mg/cm 2 ) on skin and clothing layer of hands and legs, both on log scale. From table 2 as well as figure 1, it can be seen that variability in measured exposure levels and DREAM estimates was extremely large between surveys. Geometric mean (GM) levels of measured skin exposures varied by 8-10 orders of magnitude between surveys, and geometric means of DREAM estimates varied by 5-6 orders of magnitude. Within studies, geometric mean levels of measured exposure and DREAM estimates generally varied by less than 1-2 orders of magnitude. For exposure on clothing layer, GMs of measured exposure levels varied by 9-10 orders of magnitude between surveys, whereas DREAM estimates varied slightly less by 4-6 orders of magnitude (fig 1) .
RESULTS
Between surveys, for skin exposure on hands, DREAM estimates correlated well with measured exposure levels, for task based as well as individual observations (Spearman rank correlation coefficients r = 0.78 and r = 0.82, respectively) ( fig 1) . Within surveys, skin exposures on hands at task level could be ranked statistically significant by the DREAM method for two out of four surveys (r = 0.94 and r = 1.0), and for individual observations for two out of three surveys (r = 0.44 and r = 0.79). For skin exposure on other body parts, DREAM moderately ranked exposures for individual observations on forearms (exposure to MWF, r = 0.47, p,0.01 (n = 41)), and did not statistically significant rank exposures on upper legs (exposure to OS, r = 0.30 (n = 27), p = 0.12) (data not presented).
Between surveys, for exposure on outer clothing layer, DREAM estimates correlated with measured exposure levels on gloves, although less well than for the data of the skin layer (Spearman's r = 0.56 for task based and r = 0.72 for individual observations) (fig 1) . For clothing layer of legs, DREAM estimates did not significantly correlate with measured exposure levels. Within surveys, exposures could only be ranked in a meaningful way for exposure to MWF on legs (r = 0.53).
In figure 2 DREAM estimates and detailed DREAM estimates (DREAM DET ) are plotted against measurement data (mg/cm 2 ), including only data for which the detailed DREAM estimates could be calculated. Between surveys, detailed DREAM estimates performed similar to original DREAM estimates for both exposure on skin and clothing. Within surveys, the detailed DREAM estimates performed slightly worse for skin exposure of hands (fig 2) , and performed better for skin exposure on legs (DREAM DET : r = 0.44 (p = 0.02) v DREAM ORG : r = 0.30 (p = 0.12) (data not shown)). Within surveys, for exposure on clothing layer of hands, the detailed DREAM estimates also performed better than the original DREAM estimates (r = 0.51 v 0.44 (CP), r = 0.55 v 0.08 (DEGBE), r = 0.38 v 20.05 (OS)) whereas for clothing layer of legs results were similar (fig 2) . In table 3 and 4 results of the mixed linear regression models are presented for body parts with more than 50% of samples above LOD. For skin exposures, DREAM estimates showed a significant fixed effect between and within surveys for all body parts except for exposure on legs (spray painting), explaining 11%-68% of total variance. In general, the DREAM estimates explained mainly variability in measured exposure levels between tasks, to a lesser extent between workers performing the same task, and not between days. For exposures on clothing layer, a fixed effect of DREAM estimates on the measured exposure levels was present for both hands and legs, between as well as within Figure 1 DREAM estimates (DU) plotted against measured exposure levels (mg/cm 2 ) on skin and clothing layer of hands and legs, with Spearman rank correlation coefficients (r). Note that for individual observations for skin exposure on hands no data of survey 5 (benzene) and 6 (toluene) could be included, as only task based observations were performed. However, excluding benzene and toluene from correlations at task level did not change the found relation (Spearman's r = 0.78 p,0.0001, n = 20). Note that for exposure to organic solvents on clothing layer only measurements were available for four out of the six tasks for which skin exposure was measured.
surveys, except for exposure to organic solvents (spray painting). Again, DREAM estimates explained between-task variance (hands and legs) and between-worker variance (hands) and no day to day variance. Detailed DREAM estimates explained a larger amount of total variance (up to 76%) than original DREAM estimates (up to 48%). The detailed DREAM estimates also showed an effect for exposure to organic solvents on clothing layer of legs whereas the original DREAM estimates did not.
DISCUSSION
For skin exposures, Spearman correlation coefficients for individual observations ranged from 0.19 to 0.82. DREAM estimates showed a statistically significant fixed effect between and within surveys for hands and forearms, explaining mainly between-task variance and to a lesser extent between individuals. In general, exposure levels on clothing layer were only predicted in a meaningful way by the detailed DREAM estimates, which comprised detailed Figure 2 DREAM estimates (DU) and detailed DREAM estimates (DU DET ) plotted against measured exposure levels (mg/cm 2 ) on skin and clothing layer of hands and legs with Spearman rank correlation coefficients (r), including only data for which the actual concentration of the active ingredient of interest in the substance to which exposure was assessed, was known.
information on the concentration of the agent in the formulation to which exposure occurred.
This study had several limitations. The surveys comprised exclusively data on exposure to liquids. Future work will be necessary to study accuracy of the DREAM method for solids and vapors. In addition, variability in dermal exposure levels within surveys was limited, as only two surveys comprised measurements in more than one company and within surveys a limited number of tasks were observed. Also, for a few tasks exposure levels were measured on both skin and clothing layer, hampering a direct comparison of the performance of the DREAM method between skin and clothing layer. Furthermore, we were unable to verify whether DREAM assesses accurately the spatial variability Table 3 Linear mixed regression models for individual observations of skin exposure for body parts with .50% detectable samples: logged dermal exposures (mg/cm 2 ) as response variable (Y), task and subject included as random effects (model A); with task and subject included as random effect and DREAM estimates as fixed effect (model B); and with task and subject included as random effect and detailed DREAM DET estimates as fixed effect (model C) *,0.05; **,0.01; ***,0.001; ****,0.0001. *Number of measurements, .50% of samples should be above limit of detection. ÀNumber of workers. Number of tasks. ôFor this survey the mixed regression models contained the random effect variable ''company'' in addition to ''task'' and ''subject''. Estimated variance components for company (S in dermal exposure (distribution of dermal exposure over the body surface) because few measurements of dermal exposure of other body parts than hands were available, and, if available, had large amounts of undetectable samples.
When interpreting the results of our study, one should be aware that dermal exposure measurements are not a real golden standard. The measurement methods are prone to systematic and random measurement errors, the magnitude of these errors may be distinct for the different measurement methods that were used-surrogate skin (skin exposure OS, BZ, TL), fluorescent tracer (skin exposure MWF), and removal techniques (skin exposure CP). Surrogate skin methods tend to overestimate exposure because they do not mimic removal processes like washing, and because substances tend to bind more strongly to the used receptor materials (for example, cotton and activated charcoal), than to skin. 22 Fluorescent tracers strongly bind to skin molecules, neglecting losses of contaminant mass from the skin surface through evaporation processes of other processes such as washing 27 and therefore may overestimate exposure as well. Removal techniques are likely to underestimate exposure levels as the skin may have absorbed part of the substance. Also the substance may only partly be removed from the skin, as the median of reported mean wipe sample efficiencies was only 51%. 23 Fenske and colleagues compared performance of surrogate skin, hand wash and wipe methods and reported that the mean glove exposure rate (mg/hr) was 3.5-fold higher than the wash rate, whereas the wash rate was 6.4-fold higher than the wipe rate. 28 Systematic measurement error may have biased the relations of DREAM estimates with measured exposure levels between surveys; in theory the relation of DREAM estimates with real dermal exposure levels may be better or worse than the found relation. We believe, however, that the effect of systematic measurement errors was small. Even if the results of the distinct methods would differ by a factor of 10-20, this would results in a similar ranking of dermal exposure levels (fig 1) .
Random error of measurement methods will bias the relations between DREAM estimates and measured dermal exposure levels between, as well as within, surveys downward, 11 resulting in less correlation between measured and semiquantitative dermal exposure levels. Again, the amount of random error may differ between methods. Nevertheless, in our study on grouping of dermal exposure levels to MWF among machine operators for an epidemiological study on dermatitis, 17 DREAM estimates correlated to the same extent with the results of the fluorescent tracer method VITAE (r = 0.57, p,0.01) as with the results obtained with the surrogate skin sampling technique (pads) (r = 0.59, p,0.01). Finally, it should be mentioned that dermal exposure measurements were expressed in mass per surface area, which might not be the most biologically relevant measure of dermal exposure, as skin uptake is not driven by the mass but by the concentration of contaminant on the skin. 29 Notwithstanding the limitations described above, we were able to apply the DREAM method within six surveys comprising dermal exposure situations in a wide variety of sectors (automobile industry, hospitals, chemical industry, and shoe manufacturing) for different tasks and chemical agents. Our data showed an enormous range in dermal exposure levels (8-10 orders of magnitude) and seem to represent a significant part of the spectrum of dermal exposure levels encountered in different occupational settings in industrialised countries. In general, measured dermal exposure levels varied more than DREAM estimates did (8-10 v 5-6 orders of magnitude), indicating the DREAM method results in less resolution than the measurements. Interestingly, detailed DREAM estimates varied more, and were more similar to measurements, than original DREAM estimates. The categorisation of the active ingredient of interest seems to have biased the DREAM estimates upward.
Between surveys, the DREAM method provided accurate estimates for task based as well as individual exposure levels on skin and on clothing layer of hands, explaining considerable amounts of between-task variance and, to a lesser extent, between-worker variance. The DREAM estimates did not explain variability in exposure between days. Apparently, the event based nature of dermal exposure 30 is less efficiently picked up by an observational method. However, this variance component is only of interest for exposure assessment in epidemiological surveys focusing on acute effects, or effects from peak exposures.
Within surveys, for skin exposures on hands, the DREAM method was able to rank tasks for which exposure varied half, up to two orders of magnitude (two out of four surveys). The task based correlations for skin exposure of hands were based on few data points, and should be interpreted with caution. For two out of three surveys the DREAM method provided moderate estimates of individual skin exposures, explaining reasonable amounts of betweentask and between-worker variance. Within surveys, exposure levels on clothing layer of hands were only predicted in a meaningful way by the detailed DREAM estimates, which comprised detailed information on the concentration of the agent in the formulation to which exposure occurred.
Some of the DREAM estimates deviated much from the measurements and are thus interesting from a model improvement point of view. In the case of CP, dermal exposure levels were very low. It appeared to be difficult to distinguish differences for these very low exposure levels with DREAM. However, measurement methods also encountered these problems as over 62% of the samples were below the limit of detection. For exposure to MWF, moderate correlations were found for workers who performed similar tasks-operating metal working machines. The DREAM model possibly could be improved for this specific situation by including process specific determinants such as open or closed metal working procedures, number of work parts handled by the worker in combination with the use of compressed air to clean metal parts. 17 Actually, we showed elsewhere that the identified factors affecting dermal exposure were quite similar for the general DREAM method and quantitative measurement methods (VITAE, surrogate skin pads). 17 With regard to OS, for skin exposures, paint spraying tasks as well as two other tasks (unmasking truck parts, mixing) were evaluated, showing good correlations between DREAM estimates and measurements. For exposure on clothing layer, only spraying tasks were included. When observing these spraying tasks, they seemed to be very similar with regard to exposure processes; dermal exposure principally resulted from deposition from paint and from transfer due to contact with contaminated surfaces. It was therefore difficult to detect differences in exposure levels with DREAM. The spraying tasks differed, however, with regard to the concentration of organic solvents, litres of paint sprayed per hour, spray pressure, and ventilation rate of the spray cabin. Inclusion of these factors in the DREAM model might improve its estimates. Inclusion of concentration in the model resulted in a significant improvement. The latter was also the case for exposure to DEGBE of the clothing layer. It is, however, important to keep in mind that a specific model for paint spraying already exists; 7 the main reason for developing DREAM was to construct a generic initial assessment tool for dermal exposure assessment.
For exposures on other body parts than hands only very few data were available. For skin exposure, predictions on legs seemed to be less accurate than for hands (exposure to organic solvents, spray painting), whereas predictions for forearms seemed to be similar as for hands (exposure to MWF). For exposure on clothing layer, ranking of exposure levels on legs between surveys seemed to be poor when compared to ranking of hands, whereas predictions within studies seemed to be about the same as for hands.
For skin exposures within surveys, the predominantly moderate correlations of DREAM estimates with measured skin exposure levels showed that the DREAM method has difficulties predicting exposures in a meaningful way for situations with a small between-task variance (S 2 TASK ,1.0, for example, tasks in which average dermal exposure levels are within half an order of magnitude). Nonetheless, a few large scale exposure surveys on dermal exposure have shown that the variability in dermal exposure sometimes is larger than an order of magnitude. In these cases, the DREAM estimates seem specific enough to provide useful dermal exposure estimates for tasks and jobs for epidemiological surveys. An exposure survey in 94 fruit growers 31 reported a between-task variance of 2.6 and 3.6 for skin exposure of hands and wrists, respectively, quite similar to the betweentask variance for skin exposure of hands of the spray painters in this study of 3.2, for which the DREAM estimates explained 68% of total variance. On the other hand, Kromhout et al 32 and Vermeulen et al 33 performed industry wide surveys in the rubber manufacturing industry, where variability exposure levels between production functions was less than 0.6, comparable to the variability in exposure levels between tasks of our metalworking survey (0.7) for which the DREAM estimates only explained 11% of total variance.
As far as we know, only one validation study of a generic dermal exposure method has been published in the peer reviewed literature. This study compared measured dermal dust exposures with predicted exposures given by the EASE expert system. 34 EASE provides estimates for dermal exposure levels on hand and forearms and uses three dermal exposure bands: 0.1-1, 1-5, and 5-15 mg/cm/day, which are based on use patterns of the agent for which exposure is estimated. Although the average exposures increased with the predictions from EASE, the ranges of the measured exposure levels for the different categories showed quite some overlap. 34 The model overestimated dermal exposure to the hands by a factor of 50 as compared with average measured exposure levels. The authors did not present correlation coefficients. A limitation of the EASE system is that exposure is only estimated for hands and forearms, disregarding dermal exposure levels of other body parts.
The performance of the DREAM method is comparable to that of a generic model for airborne exposures validated by Cherrie and Schneider 6 for five chemical agents. The correlations between logged measurements and logged estimates ranged in that study from 0.0 to 0.93 (median 0.50). The process-specific dermal exposure model for spray painting by Brouwer et al 7 showed good correlation (r = 0.82) with measured exposure values on clothing layer (total body), performing considerably better than the DREAM method did for spray painting on clothing layer (detailed DREAM estimates r = 0.4 (hands) and r = 0.2 (legs). However, the validation of the dermal model for spray painting by Brouwer et al 7 was done in a semi-experimental setting. Correlations for real life full shift exposure scenarios will probably be lower. 13 Nevertheless, as already stated before, the DREAM method possibly could be improved for specific situations by adding more detailed determinants of dermal exposure to the model such as source strength in case of spray painting. The DREAM method showed comparable correlations with measured skin exposure levels on hands as compared to a study by de Cock et al 4 who reported correlation coefficients between 0.4 and 0.7 for the ranking of dermal exposure to pesticides on wrists (n = 15) by five occupational hygienists.
In conclusion, the DREAM method appears to be a promising generic model for range finding of skin exposure levels, principally explaining variability in dermal exposure levels between tasks. The accuracy of the DREAM estimates within surveys varies, mainly due to differences in variability in exposure levels between tasks. For exposure on clothing layer, only detailed DREAM estimates provided meaningful exposure estimates. The DREAM method appeared to have an acceptable accuracy that may be enhanced, and calibrated for specific exposure situations. A previous study on the reliability of DREAM showed good interobserver agreement. 16 We expect that the DREAM method can be successfully applied for semiquantitative dermal exposure assessment of groups of workers in epidemiological and occupational hygiene surveys with contrasting exposure levels (variability in exposure levels between groups .1.0). For surveys with less contrasting exposure levels, quantitative dermal exposure measurements are to be preferred as estimates with DREAM would only explain an insignificant part of betweengroup variability.
